TEMPERATURE DEPENDENCE OF THE ELECTRON DRIFT MOBILITY IN HYDROGENATED a-Si PREPARED BY SPUTTERING
Abstract.-The temperature dependence of the electron d r i f t mobility and i t s dispersion have been measured i n sputtered a-SiHx films with d i f f e r e n t H contents. The data a r e consistent with t h e multiple trapping model of dispersive transport and demonstrate t h a t the electron transport is insensitive t o H content in the 14-19.5% range.
Hydrogen plays a crucial r o l e in the e l e c t r o n i c ?rooerties of hydrolenated amornhous s i l i c o n (a-SiHx). For example i t reduces the density of deep pa? s t a t e s t o very
low levels by t h e elimination of dangling bonds. Also e l e c t r o n i c s t r u c t u r e calcul a t i o n s l and photoemission experiments2 show an SiH bondina o r b i t a l deep i n t h e valence band. However, very l i t t l e i s known about t h e e f f e c t of H on the s t a t e s near the band edges except t h a t the addition of H tends t o widen t h e optical ga?. In t h i s paper we explore the e f f e c t of tI on t h e conduction band edge by time-off l i g h t measurements of the electron d r i f t mobi 1 i t y in reactively sputtered a -~i~,~ prepared with d i f f e r e n t H contents.
The films discussed here were deposited by r f diode sputtering a t an Ar pressure of 5mT, substrate temperature of 325OC and variable p a r t i a l pressure of hydrogen. The 1.5um thick undoped films were deposited on 5331 of n+ a-SiH, as an ohmic cont a c t t o s t a i n l e s s s t e e l substrates. The P doped n+ layer was ?redeposited t o avoid P contamination of the undoped layer. Semitransparent 501 thick 2mm2 P t dots were sputtered onto the top of the undoped layer a s blocking contacts f o r the d r i f t mobility measurements.
The electron d r i f t mobility was measured with a time-of-flight technique i n which electron-hole p a i r s were generated near t h e P t contact by an 8ns flash of 457nm l i g h t from a N2 pumped dye layer running a t a r e p e t i t i o n r a t e of 2 hz. The P t Schottky diode s t r u c t u r e was reverse biased by a voltage ~u l s e t h a t was longer than the electron t r a n s i t time t~ but much shorter than the interval between l a s e r flashes. The photocurrent in the sample was recorded by a Tektronix 7912AD trans i e n t d i g i t i z e r and signal averaged several hundred times. The signal-averaged current decay was converted by a desk-top calculator t o a 10s current vs. log time p l o t , from which the t r a n s i t times and slopes of the current decays before and a f t e r the t r a n s i t time t~ were determined manually.
The room temperature electron d r i f t mobility p~ i s shown i n Fig. 1 as a function of hydrogen p a r t i a l pressure P H , in the sputtering gas;. Note the absence of any s i g n i f i c a n t dependence of p~ on PH. The optical gap and hydrogen content of these samples increased monotonically from 1.72 t o 1.83eV and 14 t o 19.5% res?ectively, with increasing All of the samples i n Fig. 1 
exhibited dispersive transport so t h a t t~ was defined by the intersection of l i n e a r f i t s t o the f i r s t ( t < t T )
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1981431 and second ( t > t T ) branches o f l o g Il o g t p l o t s . 5 Typical photocurrent decay data are shown as i n s e t s i n Figs. 2(a) and ( b ) . Also shown i n these f i g u r e s i s t h e temperature de?endence o f the d r i f t m o b i l i t y , f o r three d i f f e r e n t bias v o ltages, f o r two o f the samples i n Fig. 1 , one prepared a t PH = 3.7mT and the other a t 1.3mT. tlote the strong f i e l d dependence a t low temperatures c h a r a c t e r i s t i c o f dispersive t r a n s p o r t 5 and the small o r non-existent e f f e c t o f H on the temperature dependence. were averaged. I n general a 1 > a2 although the d i f f e r e n c e was o n l y m a r g i n a l l y greater than t h e experimental uncert a i n t y . This d i f f e r e n c e i n a f o r t h e two branches may i n d i c a t e t h a t the d e n s i t y o f s t a t e s f a l l s o f f more slowly than e x p o n e n t i a l l y towards midgap. Fig. 3(a) mobility data as a function of temperature, we obtain the f i t s shown a s s o l i d l i n e s in Figs. 2(a) and (b) . The broken l i n e s were calculated from the same parameters, the only difference being t h a t the bias voltage was adjusted t o match the r e s t of the exyerimental data. The calculated curves a r e a l l in excellent agreement with experiment.
This hypothesis i s c o n s i s t e n t w i t h the f a c t t h a t a increases w i t h b i a s (see Fig. 3 ) . A t high f i e l d s ( s h o r t times) the e l e c t r o n s sample the r a p i d l y v a r y i n g d e n s i t y o f s t a t e s close t o t h e m o b i l i t y edge so t h a t a i s l a r g e and a t low f i e l d s ( l o n g times) they sample the more slowly v a r y i n g d e n s i t y o f s t a t e s close t o t h e middle o f t h e gap and a i s small. Nevertheless a t any given f i e l d , the depth t h a t an average e l e c t r o n sinks i n t o the t r a p d i s t r i b u t i o n a t t~ i s independent o f temperature, t o a f i r s t approximation.7 Thus a(T) f o r a given f i e l d r e f l e c t s the slope of the d e n s i t y o f s t a t e s a t a p a r t i c u l a r t r a ? deyth. I n order t o estimate t h e Tc f o r the t r a p d i s t r i b u t i o n vie f i t the a(T) data obtained from t h e f i e l d dependence o f t~, shown i n
In addition the r e s u l t i n g values of the f i t t i n parameters indicated i n the figure   4 captions (uo = 20-24 c m e /~s , u = 1-2 x 1313 s-) a r e physically plausible. I t i s i n t e r e s t i n g t o note t h a t both a r e l a r g e r than t h e corres onding parameters f o r glow f' discharge material (po = 13 C~~/ V S and v = 4.6 x 1011 s-) .8 The band t a i l widths a r e a l s o l a r g e r -411K o r 419K compared with 312K. These differences may be a consequence of the apparent non-ex~onential character of the localized s t a t e d i s t r ibution in sputtered material, a c h a r a c t e r i s t i c t h a t was not observed in the glow discharge material. On the other hand the differences may r e f l e c t real variations in the localized s t a t e s , the f r e e c a r r i e r mobility or the location of the mobility edge.
In conclusion the d r i f t mobility r e s u l t s presented here demonstrate t h a t hydrogen content i n the 14-19.5% range has very l i t t l e e f f e c t on the electron d r i f t mobility in sputtered films even thou h the density of s t a t e s near midgap changes by several orders of magnitude17 and t h e optical gap increases by 0-lleV. W e conclude t h a t the conduction band t a i l s t a t e s a r e not H r e l a t e d e i t h e r through SiH a n t ibonding o r b i t a l s 1 99 or Si-H r , c h b a r r i e r regions.10 ble thank R. Friedman f o r preparation of the films
